Introduction {#sec0005}
============

Proximal femoral fractures are one of the most common problems among the elderly, representing an important cause of morbidity and mortality in this age group. Due to the increase in life expectancy, they will become increasingly more frequent.[@bib0065], [@bib0070]

The goal in treating such fractures is to allow the patient to return to normal activities as soon as possible by using fixation of the fracture either through rods, plates and/or screws, or arthroplasty of the hip, to reduce the possibility of complications associated to patient immobility.[@bib0070]

Synthesis implant removal is indicated in cases of persistent pain in the gluteal and thigh region caused by the prominence of the synthetic material, implant failure, or infection.[@bib0070], [@bib0075] After proximal femur fractures are healed, removing the implants can cause complications such as possible fractures of the femoral neck or intertrochanteric region.[@bib0075]

In unstable transtrochanteric fractures, there is a tendency to use intramedullary osteosynthesis, especially in poor quality bone, due to its better biomechanical and clinical results.[@bib0080]

In elderly patients with reduced bone mineral density, the removal of intramedullary implants from the proximal femur should be carefully assessed. Considering the need for physical activities and the presence of comorbidities, implant removal used to be reserved for younger patients. However, nowadays, due to prolonged life expectancy and the practice of sports activities among the elderly, the need for removal will become a growing trend.[@bib0085], [@bib0090]

Considering the trend to use intramedullary nails in the treatment of unstable transtrochanteric fractures and the elderly population growth expected over the next 20 years, describing the results of a static flexion test simulating a fall onto the trochanter in synthetic femurs after proximal femoral nail (PFN) removal with the presence and absence of an augmentation technique may provide results that guide the development of clinical trials to more carefully establish indications for PFN removal.

Material and methods {#sec0010}
====================

Fifteen Brazilian-made synthetic femurs with a 12-mm medullary canal from the same batch and of the same model were divided into three groups, each consisting of five units ([Fig. 1](#fig0005){ref-type="fig"}). The control group (CG) consisted of synthetic femurs with intact external and internal integrity.Fig. 1Test specimens before assays.

In the test group without reinforcement (TGNR) and in the test group with reinforcement (TGR), a PFN with a sliding screw of 12 mm in diameter, without previous fractures, was implanted and removed soon thereafter.

In the TGNR, the biomechanical assay was performed shortly after removal of the implant, and no reinforcement technique was used.

In the TGR, after the implant was removed, the samples were reinforced with polymethylmethacrylate (PMMA) in the cavity of the sliding screw, introduced anterogradely with the aid of a syringe ([Fig. 2](#fig0010){ref-type="fig"}).Fig. 2Radiographs of a synthetic model after PMMA reinforcement.

All samples were sent to the biomechanical assay laboratory, which were performed statically in flexion using the servohydraulic test machine MTS model 810 -- FlexTest 40 -- with a capacity of 100 kN.

The femur was fixated to the test device with 150 mm of its proximal length outside the device and toward the hydraulic piston. The proximal femur was placed at the base of the testing machine at 10° horizontal inclination and 15° internal rotation measured by a digital goniometer. The greater trochanter was supported by a silicon disk of 8 × 2 cm diameter ([Fig. 3](#fig0015){ref-type="fig"}A). A 40 N preload was applied at a speed of 2 mm/s; subsequently, load was applied on the femoral head until fracture ([Fig. 3](#fig0015){ref-type="fig"}B). The values of maximum load were recorded in N and maximum energy in J.Fig. 3(A) Femur fixated to the device during the test prior to the occurrence of the fracture. (B) Fractured femur after the test.

Descriptive analysis was used to present the observed data, expressed by median and interquartile range (Q1--Q3) according to the experiment group, in tables and illustrative graphs. The inferential analysis was made using Kruskal--Wallis ANOVA and Dunn\'s multiple comparisons test. The adopted criterion for significance level was 5%. Statistical analysis was performed using SPSS version 20.0 software.

Results {#sec0015}
=======

All the specimens tested presented basicervical fracture ([Fig. 4](#fig0020){ref-type="fig"}).Fig. 4Test specimens from the CG, TGNR, and TGR, showing the fracture pattern (basicervical fracture).

[Table 1](#tbl0005){ref-type="table"} presents the median and interquartile range (Q1--Q3) of maximum load-to-fracture (N) and energy-to-fracture (J) in the CG, TGNR, and TGR, with the corresponding descriptive level (*p*-value).Table 1Maximum load values, energy, and *p*-value for fracture.Table 1VariableGroupMedianIQR*p*-Value[a](#tblfn0005){ref-type="table-fn"}Significant ≠[b](#tblfn0010){ref-type="table-fn"}Maximum load (N)Control13371243--16570.009Control ≠ uncemented; cemented ≠ uncementedCemented13461224--1798Uncemented928780--986  Energy for fracture (J)Control10.88.9--11.00.007Control ≠ uncemented; cemented ≠ uncementedCemented12.49.2--14.6Uncemented6.66.2--7.3[^1][^2][^3]

In the inferential analysis, Kruskal--Wallis ANOVA was used to assess whether there was a significant difference between the groups, and Dunn\'s multiple comparison test to identify which groups differed significantly at the 5% level.

In the ANOVA Kruskal--Wallis test, a significant difference was observed in maximum load-to-fracture (*p* = 0.009) and maximum energy-to-fracture (*p* = 0.007) between the groups.

In the Dunn test, it was observed that, at the 5% level, the CG and the TGR presented a significantly higher maximum load- and energy-to-fracture than the TGNR. No statistically significant difference at the level of 5% was observed between the CG and the TGR.

Discussion {#sec0020}
==========

The removal of considerably large implants such as PFNs after fracture healing has relatively high rates of complications, such as femoral neck fracture; removal is recommended only in cases of deep and chronic infection.[@bib0090]

The literature presents experimental results in the use of PMMA bone reinforcement after implant removal; there is concern regarding the volume used, due to local thermal reaction.[@bib0095], [@bib0100]

The mechanism of trauma adopted in the present study (fall on the great trochanter), was chosen because this is the most common injury of the proximal femur in elderly patients.

The choice of synthetic bones was adopted to ensure comparable biomechanical properties between groups and eliminate further variables. Thus, possible alterations inherent in human bones that, would hinder the methodological evaluation due to their non-uniform characteristics (bone density, length, and diameter) were eliminated.[@bib0105]

Although the absolute values were not comparable to those observed in experimental studies with cadaver bones due to the structural and biomechanical differences of cadaveric and synthetic bones, the results were compatible regarding the increase in strength when PMMA reinforcement was used.[@bib0110], [@bib0115], [@bib0120] The presence of the same fracture pattern in groups, especially in the TGR, demonstrates that the reinforcement acted specifically on the load increase, and that there was no biomechanical pattern change for the occurrence of fracture.

Conclusion {#sec0025}
==========

The results presented herein may serve as a motivation for the development of clinical trials that improve the level of evidence of the biomechanical benefits of bone reinforcement in the removal of implants such as PFNs in elderly patients.
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[^1]: IQR, interquartile range (Q1--Q3).

[^2]: Kruskal--Wallis ANOVA.

[^3]: Dunn\'s multiple comparison test, at 5%.
